Spin wave dispersion in the metallic antiferromagnet Mn3Pt was investigated just above the order-order transition temperature by using the inelastic neutron scattering technique. The spin wave dispersion at T = 400 K along [100], [110] and [111] directions was isotropic within the measurement accuracy. The dispersion was described by (hω) 2 = c 2 q 2 + ∆ 2 with c = 190 meVÅ and ∆ = 3.3 meV. Compared with the dispersion at T = 419 K previously reported, the result demonstrates a large reduction of the stiffness constant c with increasing temperature. This is similar to that observed in the metallic antiferromagnet FePt3, and is an indication of the itinerancy of the magnetic moments.
Introduction
The recent discovery of iron-based superconductors [1] has renewed interest in a basic understanding of the dynamical magnetic properties of metallic antiferromagnets. In metallic antiferromagnets with 4d or 5d electrons like FePt 3 [2] , the spin dynamics are expected to show the intermediate character between itinerant electron magnets, such as Cr and γ-FeMn, and localized spin magnets, such as Heusler alloys, because of the high polarizability of 4d and 5d electrons [3] . The understanding of the spin dynamics in these magnets is still incomplete. Thus, the aim of this study is to examine the itinerancy and the locality of the magnetic moments in one of these alloys, Mn 3 Pt.
Mn 3 Pt is a Cu 3 Au-type metallic antiferromagnet with the transition temperature T N = 475 K [4, 5] . It shows magnetic order-order transition at T t = 400 K. In the high-temperature ordered phase, which is known as F-phase, two third of Mn moments are ordered collinearly and one third of Mn moments are not ordered. The magnetic structure was shown in Fig. 1(a) . A slight tetragonal distortion c/a = 0.9985 occurs at T N [6] , reflecting the magnetic symmetry of the partial disordered state. In the low temperature phase, which is called D-phase, Mn moments form a triangular spin structure with the moments lying in the 111 plane. The F- to D-phase transition leads to dramatic decreases in Mn moment from 3.4 to 2.2µ B /Mn and in lattice volume by 2.25% [4, 7] . The stability of the magnetic structures has been discussed with localized models. Krén et al have explained [5] the magnetic transition within the molecular-field approximation with the nearest-neighbor J 1 and the next-nearest-neighbor J 2 Mn-Mn exchange interactions, and showed that the exchange interactions are sensitive to the interatomic distances by studying the composition dependence of the magnetic structure. Ricodeau has introduced [8] the volume independent nearest-neighbor interaction J, and pointed out the importance of the taking into account of the entropy of the disordered Mn moments for stabilizing the F-phase. On the other hand, the spin wave in the D-phase shows itinerant characters experimentally. The spin wave stiffness is as much as 240 meVÅ at T = 20 K [9] . The steep spin dispersion is characteristic of the itinerant electron magnet. In addition, large reduction of the stiffness constant with increasing temperature, similar to that in FePt 3 , was observed in the D-phase [9, 10] . In the F-phase, the stiffness constant is reduced to 130 meVÅ at 419 K, and 120 meVÅ at 459 K [11, 10] . With further increasing temperature, two-dimensional short-range correlations are developed [6, 12, 13] . The itinerant character of the spin wave is seemingly weaker in the Fphase than in the D-phase. An investigation of the variation of the spin dynamics for a different temperature in the F-phase would give useful information to understand the spin dynamics of Mn 3 Pt. Therefore, in this study, we performed inelastic neutron scattering experiments at T = 400 K just above T t .
Experiments
A single crystal of Mn 3 Pt was synthesized by the Bridgman method. Mn chips and Pt wire were weighed with a molar ratio of Mn:Pt = 3.15:1. The purity was 99.99% for Mn and 99.99% for Pt. First, they were melted with using arc furnace under an argon gas atmosphere. The resulting alloy was placed in an alumina crucible, sealed in an electrically-fused quartz tube under an argon gas atmosphere, set in a vertical Bridgman furnace, and heated up to (9) . No impurity phase was found. The crystal orientation was determined by the x-ray Laue method with using YXLON MG452 (450 kV, 5 mA) and was aligned in hk0 zone. The Brillouin zone in hk0 plane was shown in Fig. 1(b) . Inelastic neutron scattering experiments were performed by using the chopper spectrometer 4SEASONS [14, 15, 16] installed at the Materials and Life Science Experimental Facility (MLF) in J-PARC, Japan. DAVE/MSlice [17] was used for analyzing the data. Incident neutron energies were set to E i = 10.2, 14.8, 23.5, 42.9 and 102 meV with the energy resolution at the elastic position being 0.45, 0.7, 1.2, 2.5 and 8 meV, respectively. The crystal was sealed in an aluminum can under a 4 He gas atmosphere and then set in a closed cycle 4 He cryostat.
Measurements were performed at T = 400 K. We confirmed that magnetic elastic peaks emerged at the W points, indicating that at least part of the sample was in F-phase.
Results
First, an energy gap of the spin wave ∆ was investigated by using low-energy incident neutrons. Figure 2 (a) shows the neutron scattering intensity map with the excitation energyhω and k around a W point. A spin excitation existed at k = 1. Figure 2 (b) presentshω dependence of the scattering intensity at Q = (1, 0.5, 0). ∆ was estimated to be 3.3(1) meV. Second, the spin wave dispersion was investigated by using high-energy incident neutrons. Figure 3 Fig. 3(b) . The dispersion was isotropic within the measurement accuracy. A fitting with the equation, (hω) 2 = c 2 q 2 + ∆ 2 , yields the spin wave stiffness c = 190(10) meVÅ, where q is the wave number away from a W point, and ∆ is an energy gap fixed to 3.3 meV. At 419 K, c and ∆ were reported to be 130 meVÅ and 3.5 meV by the previous report [10] . The result indicates that the decreasing temperature from 419 K = 0.88T N to 400 K = 0.84T N leads to enhance c as much as 50%, while it has little influence on ∆. Figure 3 (c) provides the intensity map withhω and k in high-energy region. The dispersion does not reach the zone boundary at k = −1.25 and -0.75 r.l.u. even athω = 40 meV. It was reported that the dispersion reaches the zone boundary at about 30 meV at 459 K = 0.97T N [11] . The result indicates that the spin wave energy at the zone boundary increases with decreasing temperature, which is consistent with the increase of c with decreasing temperature.
Discussion
A large reduction in c with increasing temperature was observed even in the F-phase, which will be an indication of the itinerancy of the magnetic moments. This character is similar to that observed in another 5d alloy, FePt 3 [2] . On the other hand, if we discuss it within the molecularfield approximation, the variation in c with keeping ∆ constant indicates a variation in the exchange interaction between the spins. Suppose that ∆ originates from single-ion anisotropy, the unchanged ∆ indicates that both the anisotropy constant and the moment size remain constant. The previous study of the temperature dependence of the moment size [7] supports the result; 3.4 and 3.2µ B at T = 400 and 419 K, respectively. c depends on moment size and exchange interaction. Therefore, a variation in c result in a variation in the exchange interaction.
The previous inelastic neutron scattering study [10] found that the exchange interaction is different between the F-and D-phase, and pointed out that the difference originated in the band structure. Our result shows that the exchange interaction varies even in the F-phase, suggesting that the dynamical magnetic properties of metallic Mn 3 Pt in the F-phase could not be fully understood under the molecular-field approximation with constant exchange interaction, and the itinerant nature of the magnetic electron should be taken into account. Further study on the temperature dependence of the spin wave will be needed by using the same sample to rule out the capability of the sample dependence. Another magnetic structure for the high-temperature phase was proposed by Long [18] . This is a non-collinear magnetic structure like the D-phase. All the Mn moments are ordered along twelve [110] directions. Neutron diffraction measurements cannot distinguish these two magnetic structures, because they have identical magntic peak positions and intensities. It was proposed [19] that three acoustic modes will be exist in this non-collinear structure, and they are all gapped. On the other hand, the existence of the two acoustic modes, gapped and gapless mode, was expected in the partial disordered state. The gapless mode corresponds to the rotation of all the spins simultaneously by the same amount in the bc-plane in Fig. 1(a) . In our result, the existence of the gapless mode is unclear as we can see in Fig. 2(a) . Although the tetragonal distortion in the F-phase [6] supports the partial disordered state, further investigation into the existence of the gapless mode will be useful to establish the magnetic structure.
Summary
Spin wave dispersion in the F-phase of Mn 3 Pt was investigated just above the transition temperature by using the neutron scattering technique. The spin wave stiffness at T = 400 K is 50% harder than that at T = 419 K [10] , while the spin wave energy gap was unchanged. The dramatic change in the spin wave stiffness indicates the itinerancy of the magnetic moments in the F-phase. This study has demonstrated that the magnetic properties of Mn 3 Pt should be described by the intermediate character between itinerant electron magnets and localized spin magnets.
